Title: METHOD TO IMPROVE ADHESION BETWEEN 

PRE-CURED ELASTOMER AND METAL SURFACE 



Background of the Invention 

Motors, particularly gas powered motors or automobile 
engines, create a significant amount of vibration. For example, the action 
of the cam shaft creates torsional vibration. Torsional vibration can be 
reduced by using a vibration dampener. Typically the dampener mounts 
to the drive shaft and includes an annular weight fixed to a hub by an 
elastomeric member. A pulley may ride on the exterior surface of annular 
weight. Regardless, it is important that the weight not slip relative to the 
hub. 

The elastomeric member or ring can be formed in a number 
of different ways. The elastomer can be injection molded between the 
annular weight and the hub and cured in place. This is by far the 
strongest bond that can be achieved in the torsional vibration dampener. 
Alternately a pre-formed or pre-cured elastomeric ring can be forced 
between the annular weight and the hub. Adhesive can be pre-applied 
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to either surface to improve the bond between the metal weight and the 
metal hub. 

The least expensive torsional vibration dampener simply 
uses a pre-cured elastomeric member which is compressed and force- 
5 fitted between the annular ring and hub. The resulting compression 

provides a strong bond between the annular ring and hub and prevents 
relative slippage. However, as this heats, the elastomeric member 
softens and slipping is a more significant problem. 

The concern with relative movement between a elastomeric 
1 0 member and a metai member can be found in other applications such as 

the rubber bushing on a shock absorber. 



SUMMARY OF THE INVENTION 

The present invention is premised on the realization that the 
bond between a previously cured elastomeric member and a metal 

1 5 surface can be significantly enhanced by phosphating the metal surface 

prior to compression fitting the elastomeric member to the metal member. 

Further with certain elastomeric members the bond strength 
between the metal surface and the elastomeric member can increase as 
the composite structure is heat aged as might occur during use. The 

20 phosphated surface actually promotes a bond between the metal surface 

and the elastomeric member particularly with respect to pre-cured EPDM 
and pre-cured ethylene acrylates. 



The objects and advantages of the present invention will be 
further appreciated in light of the following detailed description and 
drawings in which: 

Brief Description of Drawings 

Fig. 1 is a front view of a vibration dampener; 

Fig. 2 is a cross-sectional view taken at lines 2-2 of Fig. 1 . 

Detailed Description 

According to the present invention, the bond strength 
between a metal surface and a compression fitted rubber surface is 
improved by phosphating the metal surface prior to compression fitting 
the rubber member against the metal surface. As described below, the 
present invention is particularly useful in the formation of torsional 
vibration dampeners. The same invention can also be used in other 
applications such a rubber bushings attached to shock absorbers and the 
like. However, the invention will be particularly described with respect to 
a torsional vibration dampener. 

There are a vast number of different designs of torsional 
vibration dampeners. Exemplary vibration dampeners are disclosed in 
U.S. Patent 4,710,152 and U.S. Patent 5,231,893. The vibration 
dampener 1 0 shown in Fig . 1 is itself merely exemplary as shown as with 
all torsional vibration dampeners, there is a hub portion 1 1 which attaches 
to a rotating shaft 12 of an internal combustion engine (not shown). The 



hub 1 1 in turn is attached to an annular weight or inertia ring 14 by an 
elastomeric ring 15 compression fitted between the annular weight 14 
and an outer annular surface 16 of the hub 11. The annular weight 14 
may include an outer surface 17 which is a belt driving surface designed 
to drive an engine belt (not shown) which is in turn used to drive the 
alternator, power steering compressor, air conditioner compressor or the 
like. The elastomeric 15 member is held in compression between an 
inner surface 18 of the annular weight and an outer surface 16 of the hub 
11. 

The elastomeric member can be a wide variety of different 
elastomers and is cured prior to assembly. The elastomeric member can 
be for example natural rubber or synthetic elastomer. Suitable 
elastomers include EPDM, styrene butadiene rubber, isoprene rubber, 
nitrile rubber, ethylene propylene copolymer and ethylene acrylic 
copolymer. The selection of the particular elastomeric member simply 
depends on the particular application. With respect to torsional vibration 
dampeners, the elastomer and its formulation are dictated by customer 
demand and performance requirements. An exemplary EPDM formula 
is shown below. 

INGREDIENT DESCRIPTION/DETAILS PARTS 

EPDM BASE POLYMER 100 

Mw/Mn = 3.0-7.0 
% Unsaturation = 3-10% 
Ethylene %-wt. = 50-75% 

CARBON BLACK Filler 20 - 70 



PLASTICIZER 



Paraffinic oil 



5-30 



ZINC OXIDE Curing agent 2-10 
CO-AGENT Trifunctional methacrylate 1 - 7 

ANTIOXIDANT Ozone Inhibitor .5 - 5.0 

PEROXIDE Curing agent 1 - 7 

One skilled in the art can vary this widely or use different elastomer 
formulations to achieve the desired result. 

The hub itself and the weight are both metal. Generally 
these will be formed from automotive ductile cast iron, automotive gray 
cast iron, steel or aluminum. The hub preferably will use automotive 
ductile cast iron whereas the weight is preferably automotive gray cast 
iron although this is not essential for use in the present invention. 

Both the annular weight, particularly its inner surface, and 
the hub, particularly its outer annular surface, are subjected to a 
phosphatizing treatment. In such a treatment the surfaces are first 
subjected to an alkaline wash by immersing or spraying the metal with an 
aqueous alkaline solution having a pH of 9-1 3. The pH is established by 
a sodium hydroxide solution. This can be heated if necessary depending 
upon how dirty the metal surface is. Generally this would take a matter 
of a few seconds to several minutes to accomplish. The metal is then 
rinsed with tap water. 

The phosphatizing agent is an acidic aqueous solution of 
phosphate ion. The phosphate may be any soluble phosphate including 
zinc phosphate, iron phosphate, calcium phosphate and mixed calcium 
zinc phosphate. Iron phosphate is preferred. The concentration of the 



phosphate ion should be 1 to 4% and the pH of the bath should be 2 to 
6. 

Some phosphatizing baths include certain accelerators. 
These are all well known in the art. Accelerators that are acceptable for 
use in the present invention include sodium chlorate, sodium molybdate, 
sodium nitrobenzene sulfonate, sodium nitrate, sodium nitrite, hydroxyl 
amine sulphate, sodium borate, plus other metal or amine salts of the 
above. Particular phosphatizing agents can be purchased from Parker, 
DuBois Chemical and Betz Dearborn. These are used per the 
manufacturer's instructions. 

Preferably the parts are simply immersed in the 
phosphatizing bath at a temperature of 1 10 to about 150° F for a period 
of about 50 to about 150 seconds. The parts are then removed and 
dried. 

The torsional vibration dampener is assembled by holding 
the hub and the annular weight in a jig or fixture leaving an annular space 
between the two. The elastomeric member is then placed in an 
appropriate fixture or annular space and hydraulic or pneumatic pressure 
is applied to force the elastomeric member into the annular space. 
Adhesive is not applied to either surface of the annular weight or the hub. 

For use in the present invention, two preferred elastomeric 
members are ethylene propylene diene monomer rubber and ethylene 
acrylate polymers. The present invention improves the grip strength 
between any elastomeric member and the inner surface of the annular 
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weight or the outer surface of the hub. When EPDM or ethylene acrylate 
copolymer are used, the bond strength between the elastomeric member 
and the phosphated metal surfaces actually increases as surfaces are 
heated overtime. This heating typically occurs during use. For example 
5 an automobile's torsional vibration dampener is subject to elevated 

temperatures (in excess of 100° C) for extended periods of time. This 
heat aging increases bond strength. 

This has been a description of the present invention along 
with the preferred method of practicing the invention. However, the 
10 invention itself should only be defined by the appended claims wherein 

we claim: 



